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SERVICES SUPPORT SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/874,178, which was filed on 5 Sep. 2013, and is
titled “Services Support System And Method,” the entire
disclosure of which is incorporated by reference.

FIELD

Embodiments of the subject matter described herein relate
to guiding a user through examination and/or repair of one or
more components of equipment.

BACKGROUND

Some known systems provide guidance to users during the
examination and/or repair of equipment, such as vehicle sys-
tems. These systems can provide relatively generic instruc-
tional guides that direct the user how to repair or replace parts
of the equipment. These guides may be limited to text-based
instructions that do not visually instruct the user how to
perform the examination and/or repair. Additionally, some of
these guides may include directives to the user that result in
the user taking relatively unsafe actions. Moreover, these
guides typically are provided without regard to how long the
repair and/or examination will take, the cost of the repair
and/or examination, and the availability of necessary tools or
equipment for conducting the repair and/or examination.

BRIEF DESCRIPTION

In one embodiment, a method (e.g., for remotely support-
ing users to obtain assistance from one or more remotely
located resources to repair, replace, diagnose, and the like,
component subsystems of equipment on which the users are
working) includes receiving identification information of a
potential problem with a remotely located component sub-
system of subject equipment from a user located proximate to
the subject equipment via a mobile device and responding to
receiving the identification information by providing a rec-
ommended work scope to the user via the mobile device. The
recommended work scope includes a recommended series of
actions to perform to at least one of repair or replace the
component subsystem. The method also can include respond-
ing to receiving the identification information by sending a
recommended work scope to the user via the mobile device.
The recommended work scope including a recommended
series of actions to perform to at least one of repair or replace
the component subsystem and the recommend work scope
also including a first instructional representation for display
on the mobile device. The first instructional representation
both illustrating at least one action of the series of actions to
perform and including at least one annotation to represent an
alert to the user that is related to the action being illustrated.
The first instructional representation including a series of
images, videos, or a combination of images and videos that
are configured to be displayed on the mobile device to guide
the user through the recommended work scope. The first
instructional representation configured to display one or more
of the images, videos, or the combination of images and
videos that represent one or more of the actions in the recom-
mended series of actions that correspond to one or more
actions actually being performed by the user while the user is
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performing the one or more actions. One or more operations
of this method can be performed by one or more computer
processors. For example, hardware circuits or circuitry that
includes and/or is connected with one or more microproces-
sors can perform one or more operations of this method.

In another embodiment, a system (e.g., a services support
system) includes an analysis system configured to receive
identification information of a potential problem with a
remotely located component subsystem of subject equipment
from a user located proximate to the subject equipment via a
mobile device. The analysis system also is configured to
respond to receipt of the identification information by pro-
viding a recommended work scope to the user via the mobile
device. The recommended work scope includes a recom-
mended series of actions to perform to at least one of repair or
replace the component subsystem. The analysis system also is
configured to respond to receiving the identification informa-
tion by sending a recommended work scope to the user viathe
mobile device. The recommended work scope includes a
recommended series of actions to perform to at least one of
repair or replace the component subsystem and the recom-
mend work scope also including a first instructional represen-
tation for display on the mobile device. The first instructional
representation both illustrates at least one action of the series
of actions to perform and includes at least one annotation to
represent an alert to the user that is related to the action being
illustrated. The first instructional representation including a
series of images, videos, or a combination of images and
videos that are configured to be displayed on the mobile
device to guide the user through the recommended work
scope. The first instructional representation configured to
display one or more of the images, videos, or the combination
of'images and videos that represent one or more of the actions
in the recommended series of actions that correspond to one
or more actions actually being performed by the user while
the user is performing the one or more actions.

In another embodiment, a method (e.g., for remotely sup-
porting users) includes determining a difference between a
designated characteristic ofa first component of a first vehicle
system and one or more actual characteristics of the first
component, identifying at least one of a replacement compo-
nent in an inventory stock of components or a currently used
component in a second vehicle system responsive to the dif-
ference between the designated characteristic and the one or
more actual characteristics being outside of a designated
range of differences so that the first component of the first
vehicle system can be replaced with the replacement compo-
nent or the currently used component of the second vehicle
system, and displaying a notification on a display device of
the at least one of the replacement component or the currently
used component so that a user of the display device can
determine whether to replace the first component with the
replacement component or the currently used component.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter described herein will be better under-
stood from reading the following description of non-limiting
embodiments, with reference to the attached drawings,
wherein below:

FIG. 1 is a schematic diagram of an embodiment of a
services support system;

FIG. 2 illustrates an example of a user interface displayed
by one or more user devices shown in FIG. 1;

FIG. 3 illustrates another example of a user interface that
can be displayed by the user devices;
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FIG. 4 illustrates another example of a user interface that
may be presented on the user device;

FIG. 5 illustrates an example of a recommended work
scope that may be displayed on the user device;

FIG. 6 illustrates another example of a recommended work
scope that may be displayed on the user device;

FIG. 7 illustrates an example of another user interface that
can be presented to the user on the user device;

FIG. 8 illustrates an instructional representation of a com-
ponent subsystem that can be displayed on the user device for
an action of a recommended work scope;

FIG. 9 illustrates an instructional representation of a com-
ponent subsystem that can be displayed on the user device for
the recommended work scope;

FIGS. 10A and 10B illustrate instructional representations
of'a component subsystem that can be displayed on the user
device for the recommended work scope;

FIG. 11 illustrates another example of a user interface
displayed by the user devices;

FIG. 12 illustrates another example of a user interface that
can be presented to the user on the user device;

FIGS. 13 through 15 illustrate an example of user inter-
faces shown on the user device during an example of a rec-
ommended work scope;

FIG. 16 illustrates another example of a user interface that
can be displayed on the user device; and

FIG. 17 is a flowchart of an example of a method for
remotely supporting users to obtain assistance from one or
more remotely located resources to repair, replace, diagnose,
and the like, component subsystems of equipment on which
the users are working.

DETAILED DESCRIPTION

One or more embodiments of the inventive subject matter
described herein relate to a services support system and
method that allows users of mobile devices to remotely obtain
assistance with the monitoring, diagnosing, repair, replace-
ment, and the like, of components of equipment (also referred
to as assets). Several non-limiting examples are provided
herein ofthe types of assistance that may be obtained by users
located remotely from the sources of the assistance (also
referred to as an analysis system and/or resources), but not all
embodiments are limited to the examples provided herein. At
least one technical effect of the subject matter described
herein is the safe guidance of a user from a remote location
through one or more workflows to repair or replace a compo-
nent subsystem of equipment in a manner that warns the user
of unsafe practices and/or situations, while also allowing the
user to notify the remote location of one or more unsafe
practices or situations involved with performance of the guid-
ance being provided.

At least one technical effect provided by the inventive
subject matter described herein includes remotely guiding a
user through the examination, repair, and/or replacement of a
component subsystem of equipment using instructions pre-
sented on a mobile device used by the user. The user may
provide feedback to alter the guidance that is provided to one
or more other users, and may be required to acknowledge one
or more warnings during the examination, repair, and/or
replacement of the component subsystem.

FIG. 1 is a schematic diagram of an embodiment of a
services support system 100. The support system allows one
or more users to obtain assistance from one or more remotely
located resources to repair, replace, diagnose, and the like,
component subsystems of equipment on which the users are
working or near. In the illustrated example, the support sys-
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tem includes an analysis system 102 that includes or repre-
sents a controller and provides an interface between user
devices 104 (e.g., user devices 104A-C) and one or more
remotely located resources 106 (e.g., resources 106A-C).
Although only three user devices and three resources 106 are
shown in FIG. 1, a lesser or larger number of user devices
and/or resources may be provided, including a single user
device and/or a single resource 106. The analysis system, user
devices, and/or resources can represent one or more proces-
sors, controllers, computer systems (e.g., tWwo or more net-
worked computers), or other logic-based devices (referred to
herein as processing devices) that perform the operations
described herein. In one aspect, one or more of these process-
ing devices may be an off-the-shelf hardware computer prod-
uct that operates according to one or more sets of instructions
(e.g., software systems or applications) stored on a tangible
and non-transitory medium, such as a computer hard drive,
ROM, RAM, EEPROM, orthe like. The operations described
herein may be encoded into the sets of instructions by a
computer software programmer. Optionally, one or more of
these processing devices may be a hardware computer prod-
uct that is hard-wired with these sets of instructions. For
example, the operations described herein may be hard-wired
into the logic of the processing devices when the processing
devices are manufactured.

In one aspect, the user devices are mobile devices, such as
handheld devices that can be relatively easily moved by an
average human being without the aid of machines. For
example, the user devices can represent mobile phones, tablet
computers, laptop computers, and the like. The user devices
may be used by one or more human users (also referred to as
operators) to obtain guidance in the diagnosing of one or more
causes of problems (e.g., faults) of equipment 108, as well as
in the repair and/or replacement of one or more component
subsystems 110 (e.g., subsystems 110A-C) of the equipment
108.

The equipment can represent a variety of assets being
examined, repaired, and/or maintained by the users, such asa
vehicle (e.g., arail vehicle, mining equipment, an automobile,
a marine vessel, or the like), a stationary power-generating
system (e.g., an engine, a generator, an alternator, or the like),
or another machine or system. The equipment includes sev-
eral component subsystems that perform various functions
for operation of the equipment. With respect to vehicles, the
subsystems can include engines, motors, turbochargers, fil-
ters, cooling systems, wheels, brakes, or the like. Optionally,
the subsystems can include one or more other components.
Although the equipment is shown as including only three
subsystems, the equipment can include a different number of
subsystems, including a single subsystem.

In operation, one or more users that are located at or near
the equipment can examine the equipment for one or more
problems or potential faults with the equipment. These prob-
lems and/or faults may be manually obtained by the users
measuring one or more parameters of the component sub-
systems (e.g., outputs, dimensions, temperatures, speeds, or
the like). Additionally or alternatively, one or more of these
problems and/or faults may be automatically measured by
one or more sensors of the equipment and reported to the
users and/or the user devices (e.g., by display on a display
screen of the equipment, via one or more wired and/or wired
connections between the equipment and/or the user devices,
or the like).

The user devices provide user interfaces in order to allow
information about the equipment and/or component sub-
systems to be input into the user devices. This information
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may be manually input by the users of the devices and/or
automatically obtained from the equipment.

FIG. 2 illustrates an example of a user interface 200 dis-
played by the user devices. The user interface 200 can repre-
sent a set of graphic elements that is displayed on a screen of
the user device, such as on a touchscreen, computer monitor,
or the like. The user interface 200 includes several input
windows 202, 204, 206, 208 for receiving identification infor-
mation from the user and/or equipment. While the user inter-
face 200 represents an input screen that receives information
about a locomotive, optionally, the interface 200 may receive
other information and/or information about equipment other
than a locomotive. While four interface-displays or input
windows 202, 204, 206, 208 are shown, a lesser or larger
number of windows may be selected based on application
specific requirements, and/or the windows may be used to
receive other information than what is described herein.

The identification information includes information or
data representative of the user, the equipment, the component
subsystem, a potential problem identified for the equipment
and/or subsystem, or other information indicative of a poten-
tial problem or fault that is being examined. The potential
problem can include a fault with the equipment and/or sub-
system that is unknown and/or can include a fault that is
unknown (and the user is attempting to determine if there is,
in fact, a problem with the machine and/or subsystem).

The input window 202 can be used to input identification
information that represents the user, the owner of the equip-
ment and/or component subsystem that is being examined,
repaired, and/or replaced, the manufacturer of the equipment
and/or subsystem 110, or other identifying information. For
example, the user may enter customer identification informa-
tion in the window 202 that represents the company that owns
the equipment and/or component subsystem. The informa-
tion that is input into the window may be manually input by
the user and/or automatically input, such as by one or more
sensors or other devices (e.g., transponder, bar code reader, or
the like). This information can be used by the analysis system
to narrow down the potential faults of the equipment and/or
component subsystems and/or the potential solutions to fix-
ing these potential faults from a larger corpus of potential
faults and/or solutions, as described below.

The input window 204 can be used to input identification
information that represents the equipment that is being exam-
ined, repaired, and/or replaced, or that includes the compo-
nent subsystem being examined, repaired, and/or replaced.
For example, the user may enter a serial number or other data
that identifies the type, name, year of manufacture, or the like,
of the equipment. The information that is input into the win-
dow 204 may be manually input by the user and/or automati-
cally input, such as by one or more sensors or other devices
(e.g., transponder, bar code reader, or the like). This informa-
tion can be used by the analysis system to narrow down the
potential faults of the equipment and/or component sub-
systems and/or the potential solutions to fixing these potential
faults from a larger corpus of potential faults and/or solutions,
as described below. For example, the types of faults and/or
solutions that may be applicable to one type of equipment
may not be applicable to another type of equipment. The
non-applicable faults and/or solutions may be eliminated as
possibilities for use in examining, repairing, and/or replacing
one or more component subsystems of the equipment.

The input window 206 can be used to input identification
information that represents the component subsystem that is
being examined, repaired, and/or replaced. For example, the
user may enter a serial number or other data that identifies the
type, hame, year of manufacture, or the like, of the subsystem.
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The information that is input into the window 206 may be
manually input by the user and/or automatically input, such as
by one or more sensors or other devices (e.g., transponder, bar
code reader, or the like). This information can be used by the
analysis system to narrow down the potential faults of the
component subsystems and/or the potential solutions to fix-
ing these potential faults from a larger corpus of potential
faults and/or solutions, as described below. For example, the
types of faults and/or solutions that may be applicable to one
type of component subsystem may not be applicable to
another type of subsystem. The non-applicable faults and/or
solutions may be eliminated as possibilities for use in exam-
ining, repairing, and/or replacing one or more component
subsystems of the equipment.

After entering some or all of this identification informa-
tion, the user may select a progression icon 210 on the user
interface. Selection of this icon may inform the user device
that the identification information has been provided. Option-
ally, the user device may automatically determine when the
identification information is received.

In response to receiving at least some of this identification
information into the user device via the user interface, at least
one of the user device and/or the analysis system identifies
one or more potential problems with the equipment and/or
component subsystem that is identified by or associated with
the identification information. For example, one or more
memory devices 112 (shown in FIG. 1) that are accessible to
the user device and/or the analysis system may store lists,
tables, databases, or other memory structures that group or
otherwise associate potential problems with various equip-
ment and/or component subsystems. Suitable memory
device(s) may include computer hard drives, flash drives,
ROM, RAM, removable drives, EEPROM, or the like, that is
disposed within or otherwise coupled with the user device
and/or analysis system, and/or that is remote from (e.g., not
connected to or included within) the user device and/or the
analysis system.

The memory devices can associate different groups of
potential problems with different equipment and/or compo-
nent subsystems. For example, a first locomotive having a
first road number may be associated with a first group of
potential problems that have occurred with that locomotive
and/or similar locomotives, while a different, second locomo-
tive having a different, second road number may be associ-
ated with a different, second group of potential problems that
have occurred with that locomotive and/or similar locomo-
tives.

Using the associations between different equipment and/or
subsystems and the different groups of potential problems,
the user device can present a list of potential problems to the
user on the user interface 200. For example, the user device
can communicate the identification information to the analy-
sis system and the analysis subsystem can examine the
memory devices to determine what group of potential prob-
lems are associated with the equipment and/or component
subsystem identified by the identification information. As
another example, the user device can examine the memory
devices to determine what group of potential problems are
associated with the equipment and/or component subsystem
identified by the identification information.

FIG. 3 illustrates another example of the user interface
displayed by the user devices. Responsive to receiving the
identification information, a group of one or more potential
problems associated with the equipment and/or component
subsystem under examination may be presented on the user
device. In the illustrated example, a list 300 of user-selectable
potential problems is displayed as emanating from the win-
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dow 208. Optionally, the potential problems may be pre-
sented in another manner. The list shown in FIG. 3 includes
several potential problems associated with a rail vehicle, such
as a locomotive. If other identification information had been
provided, then another list of potential problems may be
displayed. The user can select one or more of these potential
problems in the list, such as by pressing the touchscreen or
using a stylus, electronic mouse, or the like, to select one or
more potential problems of the component subsystem and/or
equipment.

The selected potential problem is used by the user device
and/or analysis system to identify one or more recommended
work scopes for examining, repairing, or replacing one or
more component subsystems of the equipment. The work
scope also may be referred to as a workflow, and can include
a set (e.g., a series) of actions that are to be performed in the
examination, repair, and/or replacing of one or more parts,
component subsystems, and/or the equipment.

FIG. 4 illustrates another example of a user interface 400
that may be presented on the user device. The user interface
may be displayed responsive to the user selecting the one or
more potential problems of the component subsystem and/or
equipment, as described above.

The user interface displays one or more monitoring icons
402 (e.g., icons 402A-C) and/or one or more work scope
icons 404 (e.g., icons 404A-C). The number of icons 402
and/or icons is merely one example as a larger or smaller
number of the icon 402 and/or the icon may be displayed.

The monitoring icons may be selected by the user (e.g., by
touching, “clicking,” and so on, the icons on the user device)
to cause data from or about the component subsystem and/or
equipment to be communicated to the user device, the analy-
sis system, and/or one or more of the resources. Sensors may
be connected with or disposed relatively near the component
subsystem and/or the equipment being examined. Selecting
one or more of the monitoring icons can cause the sensors
associated with measuring data about the component sub-
system and/or the equipment related to the respective icon
402 to communicate data to the user device, the analysis
system, and/or one or more of the resources.

In the illustrated example, the monitoring icon 402A may
be selected to cause a designated group of sensors associated
with a first potential cause of failure (e.g., failure of a turbo-
charger) to obtain data. These sensors may include pressure
sensors to measure exhaust pressure in the turbocharger, flow
rate sensors to measure the flow of exhaust through the tur-
bocharger, or the like. The monitoring icon 402B may be
selected to cause a different designated group of sensors
associated with a different second potential cause of failure
(e.g., failure of the same turbocharger) to obtain data. The
monitoring icon 402C may be selected to cause a designated
group of sensors associated with a potential cause of a des-
ignated performance (e.g., surging of a turbocharger) to
obtain data. The sensors included in these groups may be the
same or different for two or more of the icons.

The data that is obtained from the sensors can be commu-
nicated to the analysis system and/or the resources to identify
a potential problem of the component subsystem and/or
equipment. By way of example, this data may include, but is
not limited in all embodiments to, temperatures, pressures,
speeds, horsepower, voltage, amperes, and the like, of the
equipment and/or component subsystems. The analysis sys-
tem and/or the resources may examine the sensor data to
predict a potential problem of the equipment and/or compo-
nent subsystems. For example, the analysis system may
examine the sensor data to determine if the data exceeds or
falls below thresholds, exhibits trends, or otherwise indicates
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a potential fault. This potential fault may be automatically
presented to the user on the user device and/or may be auto-
matically selected as a user selected potential problem. Alter-
natively, the sensor data may be examined by the user device
to identify the potential problem.

In one aspect, the user device and/or analysis system may
diagnose faults to identify potential problems with the equip-
ment and/or component subsystems. For example, one or
more systems for isolating failures in equipment, such as a
locomotive, may be used to identify a cause of failures occur-
ring in the equipment and/or component subsystems of the
equipment with incorporating information provided by an
operator (e.g., the user of the user device) to produce a diag-
nosis of the failures. One or more of the user device and/or the
analysis system may include a fault isolator. This fault isola-
tor can use a diagnostic knowledge base stored in the memory
device to produce a list of the most likely causes for a failure.
This list may represent the list shown in FIG. 3. Potential
problems can be presented to the user for selection in the list
300 or may selected by the user device and/or analysis system
based on the identification information received via the user
device.

The memory device may include recommended work
scopes associated with the potential problem selected by the
user and/or identified using the sensor data. Once a potential
problem is selected or identified, the analysis system and/or
resources may identify one or more work scopes that are
recommended for addressing (e.g., fixing) the potential prob-
lem. These identified work scopes are communicated to the
user device (or pointers to the work scopes in the memory
device are sent to the user device, which may obtain the work
scopes from the memory device).

The work scopes include a recommended series of one or
more actions to perform on or with the equipment and/or
component subsystem in order to further examine, maintain,
repair, or replace the equipment and/or component subsystem
of'the equipment that is associated with the selected problem.

The recommended work scope may be selected by the
analysis system and/or user device from plural different work
scopes stored in the memory device. The selected work scope
may be identified from a larger group of potential work
scopes using the selected potential problem and/or at least
some of the identification information provided by the user
device. For example, the memory device may store a corpus
of'work scopes that are each associated with various potential
problems and different types of identification information.
The work scope that is recommended to the user may be
selected from this corpus.

In one example, for a first type of equipment (e.g., a loco-
motive) having a first type of component subsystem (e.g., a
turbocharger) and a first potential problem identified by the
user, one or more first work scopes may be stored in the
memory device 112. The same type of equipment (e.g., a
locomotive) having a different, second type of component
subsystem (e.g., a turbocharger provided from an entity other
than General Electric Co.) and the same first potential prob-
lem may one or more different, second work scopes stored in
the memory device 112. If the information that is input into
the user device more closely matches the identification infor-
mation associated with the one or more second work scopes
than the one or more first work scopes, then the recommended
work scope may include or be selected from the one or more
second work scopes.

As another example, the analysis system can examine user-
selected faults (e.g., problems) and/or sensor data of the
equipment and/or component subsystems over a wired and/or
wireless connection (e.g., the Internet, an internet, or another
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network) to identify a repair that is likely to be successful in
curing the selected faults. The analysis system and/or the user
device can identify the work scope likely to fix the selected
problem.

Optionally, plural recommended work scopes may be iden-
tified using the identification information and/or selected
problem received from the user device. Two or more work
scopes stored in the memory device may be associated with
the same potential problem and identification information
that is selected using the user device, as described above. As
one example, if the potential problem that is selected by the
user is “low turbo boost pressure” (e.g., the turbocharger is
producing a smaller pressure increase than expected), then
the analysis system and/or user device may determine that
two or more recommended work scopes are associated with
this potential problem (and/or with the identified type of
equipment, component subsystem, and/or other identification
information). One recommended work scope may involve
further examination of the turbocharger, another recom-
mended work scope may involve further examination of the
engine having exhaust that travels through the turbocharger,
another recommended work scope may involve replacing one
or more parts of the turbocharger, another recommended
work scope may involve replacing the entire turbocharger,
and the like.

In one aspect, the multiple work scopes that are associated
with the selected potential problem and/or the identification
information provided by the user device may be presented to
the user. For example, the analysis system may direct the user
device to display a list, menu, or other arrangement of the
several work scopes associated with the potential problem
and input information. The user may then select which of
these work scopes to perform, such as by touching the touch
screen of the user device and/or using another input device
(e.g., a stylus, keyboard, microphone, or the like) that can be
used with the user device.

Additionally or alternatively, these multiple work scopes
may be presented (e.g., displayed) on the user device along
with selection impact notifications for one or more, or each, of
the work scopes. These notifications may instruct the user of
the potential effect of selecting one work scope over another
work scope. For example, the selection impact notification for
each (or one or more of, but not all) of the multiple work
scopes may include an estimated time to complete the respec-
tive work scope and/or an estimated cost to complete the
respective work scope. The user may view these estimated
times and/or costs and select a work scope using the estimated
times and/or costs.

The estimated times and/or costs may be determined by the
analysis system. The analysis system may maintain a histori-
cal log of one or more previous uses (e.g., performances) of
the various work scopes of various types of equipment and/or
component subsystems 108. This log may include indications
of how long it previously took to complete the work scopes
and/or the cost involved in completing the work scopes. Addi-
tionally or alternatively, the estimated completion times and/
or costs may be based on heuristic determinations by human
users. The estimated completion times and/or costs may be
varied based on the availabilities of various resources. The
resources shown in FIG. 1 may represent human technicians
having various skill sets needed or required to perform one or
more actions in a work scope, tools or other equipment
needed or required to perform one or more actions in the work
scope, replacement parts needed or required to perform one or
more actions in the work scope, and the like. The analysis
system can track the availabilities of these resources (as
described below) and, based on these availabilities, change
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the estimated completion times and/or costs. For example, as
the availability of a needed resource 106 decreases, the esti-
mated time and/or cost may increase. Conversely, as the avail-
ability increases, the estimated time and/or cost may not
change or may decrease.

Another example of a selection impact notification that
may be provided alongside or along with each of (or one or
more of) the plural recommended work scopes may be an
estimated service life. The estimated service life represents an
additional amount of time that the equipment and/or compo-
nent subsystem is expected to perform at or above one or more
designated thresholds (e.g., of outputs of the equipment and/
or component subsystem) if the recommended work scope
that is associated with the estimated service life is completed.
For example, a first recommended work scope may involve
cleaning a manifold of an exhaust system, a second recom-
mended work scope (for the same selected problem) may
involve replacing a filter of the exhaust system, and a third
recommended work scope (for the same selected problem)
may involve replacing the manifold of the exhaust system.
The estimated service life for the third recommended work
scope may be longer than the estimated service life for the
first and second recommended work scopes because the third
recommended work scope replaces a potentially broken or
worn down part of the exhaust system. But, this third recom-
mended work scope also may be associated with additional
selection impact notifications that indicate longer estimated
completion times and/or costs than the first and second rec-
ommended work scopes. The user may examine the selection
impact notifications and use these notifications to select
which work scope should be performed to fix the selected
problem.

Estimated service lives may be determined by the analysis
system. The analysis system may maintain a historical log of
one or more previous uses (e.g., performances) of the various
work scopes of various types of equipment and/or component
subsystems. This log may include indications of how long the
equipment and/or component subsystems continued to oper-
ate at or above one or more performance thresholds following
performance of the work scope (e.g., the service lives). Addi-
tionally or alternatively, the estimated completion times and/
or costs may be based on heuristic determinations by human
users.

In one aspect, one or more of the resources may represent
a human that reviewed a recommended work scope selected
by the analysis system before the recommended work scope
of sent to the user device. For example, the human may be a
skilled technician or expert in the equipment and/or compo-
nent subsystem being serviced by the user of the user device.
The analysis system may identify one or more recommended
work scopes based on the information provided by the user
device, as described above. Before sending these one or more
recommended work scopes to the user device, however, the
analysis system may send the recommended work scopes to
the skilled technicians and/or experts. These persons may be
located remote from the analysis system, equipment and/or
component subsystem being serviced, and/or the user device.
These persons may review the recommended work scopes
provided by the analysis system and approve (e.g., select) one
or more, or all, of these work scopes to be sent to the user
device. These persons may use their knowledge and experi-
ence to select a work scope that is better or best suited for the
particular problem identified by the user device, for example.

In the example illustrated in FIG. 4, the user device dis-
plays three work scope icons 404 to the user, although another
number of work scope icon(s) may be displayed. The icon
404 A represents a troubleshooting work scope. Selection of
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this icon 404A will cause the user device to present a work
scope to the user that guides the user through several actions
that examine operations of the component subsystem and/or
equipment prior to repair or replacement of the subsystem,
equipment, or parts thereof. These actions may obtain addi-
tional data and/or information to allow the user, the user
device, the analysis system, and/or the resources to further
identify problems and/or faults in the component subsystem
and/or equipment.

The icon 404B represents a change out work scope. Selec-
tion of this icon 404B will cause the user device to present a
work scope to the user that guides the user through several
actions that repair or replace the component subsystem and/or
equipment, and/or repair or replace one or more parts of the
subsystem and/or equipment.

The icon 404C represents an outbound checkup work
scope. Selection of this icon 404C will cause the user device
to present a work scope to the user that guides the user
through several actions that examine operations of the com-
ponent subsystem and/or equipment after repair or replace-
ment of the subsystem, equipment, or parts thereof. These
actions may obtain data and/or information to allow the user,
the user device, the analysis system, and/or the resources to
assess performance of the component subsystem and/or
equipment and to determine if the repair or replacement of the
subsystem, equipment, or parts thereof was successful.

FIG. 5 illustrates an example of a recommended work
scope 500 that may be displayed on the user device. The
recommended work scope 500 can be used to direct the user
on how to fix or further examine a selected problem 504 of the
equipment and/or component subsystem. In the illustrated
example, the work scope is a text-based Monitoring and Diag-
nostics Service Center (MDSC) recommendation that
includes several actions 506 (e.g., operations, steps, or the
like) to be sequentially performed in order to further examine,
repair, and/or replace the equipment and/or component sub-
system associated with the selected problem 504. Alterna-
tively, the work scope can include another type of recommen-
dation to remedy the selected problem. The selected problem
used in the illustrated example is a turbocharger that is surg-
ing. As a solution to this problem, the work scope recom-
mends performing the listed actions to perform an inspection
of an engine of the equipment.

Additionally or alternatively, the recommended work
scope that is provided to the user via the user device includes
one or more non-textual instructional representations dis-
played on the user device (or another display device at or near
the equipment and/or component subsystem) that guide the
user through the actions 506 of the recommended work scope.
These non-textual instructional representations may include
images (e.g., schematic diagrams, photographs, drawings,
static or non-moving two dimensional images, static three
dimensional images, or the like), videos (e.g., moving
images), sounds (e.g., a recording of spoken instructions for
performing the recommended actions, examples of sounds
that the user should expect to hear and/or not expect to hear
when performing the recommended actions, or the like), and/
or other instructions that are not represented by text. In one
example, a three-dimensional image of one or more parts or
component subsystems of the equipment may be displayed on
the user device and may be manipulated by the user of the
device. For example, the user may touch the user device with
his or her finger and slide the finger across the user device to
rotate, pivot, zoom, pan, or otherwise change the view of the
image that is shown on the user device. Multiple viewpoints
of the same image may be provided to the user on the user
device. The user may select or alternate between which of
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these viewpoints are presented on the user device so that the
user defines the perspective of the image.

FIG. 6 illustrates another example of a recommended work
scope 600 that may be displayed on the user device. The
recommended work scope can be used to direct the user on
how to further examine or fix a problem or fault of the equip-
ment and/or component subsystem. In the illustrated
example, the work scope is a text-, image-, and/or video based
work scope that includes several actions 602 to be performed
in completing the work scope. Although ten actions are vis-
ible in FIG. 6, another number of action(s) may be provided.

The user may select one or more of the actions to perform.
When an action is selected, an instructional representation or
display 604 is presented on the user device. In the illustrated
example, the instructional representation includes both an
image 606 and text 608 that advises or guides the user through
the selected action. The image may be a static image or a
video (as shown in FIG. 6), or a combination thereof. Selec-
tion of another action can result in a different image and/or
text being displayed in the instructional representation.

The user may perform the action described and/or repre-
sented by the instructional representation for the selected
action. Once the action instructed by the representation is
performed, the user may notify the user device by selecting a
completion box 610 of the action, or otherwise indicating that
the action is complete. In one aspect, the user may sequen-
tially progress through the actions by performing the actions
in the order shown on the user device. Optionally, the user
may perform the actions in a non-sequential manner, such as
by selecting and performing actions in an order that is differ-
ent from the order presented on the user device.

As a result, the instructional representation of the recom-
mended series of actions in a recommended work scope can
be displayed to the user on the mobile device of the user while
the user is actually performing an action that corresponds to
an action in the recommended series of actions. For example,
if the recommended work scope includes the series of recom-
mended actions of removing an oil filter, draining oil from a
machine, replacing the oil filter, adding oil to the machine,
checking oil pressure of the machine, and the like, then the
mobile device can display textual instructions, video, and/or
images representative of how to remove an oil filter while the
user is actually removing the oil filter, representative of how
to drain the oil while the user is actually attempting to drain
the oil, representative of replacing the oil filter when the user
is actually replacing the oil filter and/or selecting an oil filter
for use in replacing the oil filter, and the like.

FIG. 7 illustrates an example of another user interface 700
that can be presented to the user on the user device. The user
interface presents estimated completion times 702 for various
actions of a recommended work scope. As described above,
the analysis system (and/or the user device and/or the
resources) may recommend work scopes for fixing an iden-
tified problem or fault of equipment and/or component sub-
systems of the equipment. The work scopes include several
actions that the user is to complete to examine, repair, or
replace the equipment, component subsystem, or one or more
parts thereof.

In order to assist the user to select a work scope from
several work scopes recommended to the user and/or to
adequately prepare for performing a work scope, the analysis
system can track and communicate estimated completion
times to the user device for the actions of one or more of the
recommended work scopes. The estimated completion times
702 shown in FIG. 7 are associated with different actions 704
of'a work scope. For example, the estimated completion times
are shown alongside a horizontal axis 706 representative of
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different actions of a work scope and a vertical axis 708
representative of different lengths of time. The larger the
estimated completion time is for an action, the longer it is
estimated it will take to perform and complete the action.

As described above, the estimated completion times may
be tracked by the analysis system. The analysis system may
maintain a historical log of one or more previous uses (e.g.,
performances) of the various work scopes for various types of
equipment and/or component subsystems. This log may
include indications ofhow long it previously took to complete
the actions in the work scopes. Additionally or alternatively,
the estimated completion times may be based on heuristic
determinations by human users. The estimated completion
times may be varied based on the availabilities of various
resources. The analysis system can track the availabilities of
these resources (as described below) and, based on these
availabilities, change the estimated completion times for one
or more of the actions. The analysis system can communicate
the estimated completion times for one or more of the work
scopes to the user device for display thereon.

The user may examine the estimated completion times to
select a work scope to use and/or to plan for the completion of
awork scope. For example, the user may look at the relatively
long completion times for the tenth, twelfth, fifteenth, twenty-
first, and twenty-sixth actions and determine that the user
does not have sufficient time to perform these actions. Addi-
tionally or alternatively, the user may determine that the tools
and/or other resources needed to perform these actions are not
available at the times that the actions will be performed. For
example, the user may determine that, based on the estimated
completion times of the preceding actions, the tools or tech-
nicians needed to perform one or more actions may not be
available because the tools or technicians are scheduled to be
used by another person or performing other tasks at that time.
Optionally, the user may determine that he or she does not
have sufficient time remaining in his or her work day or shift
to complete one or more of the actions. In one aspect, the user
can examine the estimated completion times 702 in order to
anticipate when one or more actions are likely to be per-
formed and reserve tools or technicians to use with those
actions at the times when the actions are likely to be per-
formed.

FIG. 8 illustrates an instructional representation 800 of a
component subsystem that can be displayed on the user
device for an action of a recommended work scope. The
instructional representation represents a video that can be
displayed on the user device to demonstrate how the compo-
nent subsystem (in this example, a turbocharger) is to operate,
such as without an identified problem or fault being present.
The user can control playback of the video so as to provide the
user with a better understanding of how the component sub-
system will work or is expected to perform once the recom-
mended work scope has been successfully completed. Once
the user has completed viewing of the video, the user can
select the progression icon to advance to another action in the
work scope or select another action as described above.

FIG. 9 illustrates an instructional representation 900 of a
component subsystem that can be displayed on the user
device for the recommended work scope. The instructional
representation includes a combination of textual information
902 and non-textual information 904 that assists the user to
perform one or more actions of the recommended work
scope. Optionally, the instructional representation may only
include textual information (e.g., similar to as shown in FIG.
5) or only non-textual information (e.g., only audio and/or
video without text). The instructional representation may be
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referred to as a hybrid instructional representation as the
representation includes both textual information and non-
textual information.

In the illustrated example, the non-textual information
includes images of warnings to prevent the user to avoid
performing certain actions during performance of the recom-
mended work scope. The textual information can include text
that accompanies the images. For example, the top image
illustrates a shop floor near where a filter (e.g., to be installed
in the equipment during performance of the work scope)
should not be placed. This image also includes an annotation
that foreign object debris may be on this surface and a box
illustrating such debris. The accompanying textual informa-
tion similarly warns the user to not place the filter on a surface
where such debris may be present, as shown in the top image.
The bottom image illustrates a location where replacement
components (e.g., a filter) may be obtained for use in perfor-
mance of the work scope. Optionally, the information and/or
may include a map or other representation of a shop or loca-
tion where the work scope is being performed and/or instruc-
tions on where a needed component (e.g., the filter) is located
in the shop on the map.

The user device can display an alert icon 906 (or other
image) that informs the user of a relatively high level of
importance for the corresponding action of the work scope.
The icon may be referred to as a “critical to quality alert,” but
alternatively may represent another alert, as described herein.
In the illustrated example, the icon is displayed to notify the
user that the concurrently displayed action of the work scope
has a higher priority or is more important to successful
completion of the work scope. If the corresponding action is
not performed or is only partially completed, then the repair
orreplacement being directed by the work scope may be more
likely to be unsuccessful in fixing the problem or fault than if
another, less important or lower priority action is not per-
formed or is only partially completed.

FIGS. 10A and 10B illustrate instructional representations
1000, 1002 of a component subsystem that can be displayed
on the user device for the recommended work scope. The
instructional representations include alerts for the user during
performance of the work scope. In the illustrated example, the
alert is a safety warning that notifies the user of a potentially
dangerous action in the work scope. For example, an image
1004 shown in the first instructional representation illustrates
the same part of the component and/or equipment being
worked on during the recommended work scope, but in a
different color. The image 1004 shown in the first instruc-
tional representation may be shown in a shade of red or
another color to indicate that the part shown in the image may
be at an elevated temperature (and unsafe to touch). Option-
ally, the image may be shown differently in another way, such
as by using different types of lines, shading, or the like, to
draw the attention of the user toward the image.

An alert 1006 shown in the first instructional representation
may provide a written safety warning to accompany the
image, such as by stating that the user should ensure that the
illustrated part has cooled to a safe temperature. Additional
text 1008 may instruct the user as to the action to be per-
formed with the illustrated part. Although the alert is shown as
a visual image, such as an icon, the alert may additionally or
alternatively include an audible sound, a flashing image or
text, video, an annotation on the image, or the like. In one
aspect, the image may be annotated to represent the safety
warning by the user device displaying one or more parts of the
component subsystem that is shown in the image (but less
than of the component subsystem) and that is associated with
a hazardous condition in a color that is different from other
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parts of the component subsystem that are shown in the image
and that are not associated with the hazardous condition.

An additional or alternative alert may include one or more
alert icons or watermarks displayed by the user device, such
asina corner or other location of the display. These alert icons
can indicate a hazard class (e.g., electrocution, impact,
asphyxiation, cutting, toxicity, heat, or the like) associated
with the displayed action to be performed in the work scope.
The different hazard classes may be associated with different
respective icons such that the alert icon or watermark may
clearly illustrate the various risks associated with perfor-
mance of the action in the work scope.

In one embodiment, the one or more selected hazards that
may be associated with the action may be pulled from a
library of hazards, each having a corresponding icon. The
icon, based on the hazard, may be dynamically assigned to the
action based on characteristics of the action. That is, the
action need not be hard-coded to include one or more icons.
Rather, characteristics of the action assign the icon. This may
obviate the need to update all action/alert pairings for a
change or update. In practice, this may be implemented so
that an action with the word “wire” may pull an icon or text for
a shock hazard and that an electrical lock-out needed. An
action with the word “exhaust” may pull an icon or text for
burn hazard and that ventilation or breathing equipment is
required. These trigger words may be in the form of text,
audio/video content, or the display of identified components.
That is, when the display is showing wiring, that can trigger
the simultaneous display of the alert.

To provide adequate safeguards to ensure that the user
actually sees the safety warning, the user device may display
an alert acknowledgement icon 1010. In one aspect, the user
may be required by the user device to select this icon before
proceeding in the recommended work scope. For example,
the user device may ignore any selection of the progression
icon and therefore prevent advancing in the work scope unless
and until the user selects the alert acknowledgement icon.

The instructional representations shown on the user device
may change once the user acknowledges the alert, such as by
selecting the alert acknowledgement icon. For example, the
color of the part shown in the image may change from red (or
another color) in the instructional representation to a blue (or
another, different color) in the subsequent instructional rep-
resentation. The user may perform the action described in the
instructional representations and now be allowed to select the
progression icon to advance to a subsequent action in the
recommended work scope.

Optionally, the alert that is presented to the user on the user
device may communicate information to the user other than a
safety warning. As one example, the alert may include a
productivity loss warning. Such as warning can notify the
user of a productivity loss that may occur if the action to be
performed in accordance with the work scope is performed at
that time. For example, if the action instructed by an instruc-
tional representation on the user device would involve the use
of'a resource that is currently unavailable, the alert may warn
the user that performing this action at the current time may
require the user waiting for the tool or other equipment to
become available for his or her use. This resource can include
a replacement part that is needed to complete the recom-
mended work scope, a particular tool or other equipment that
is used to perform the action, a technician that is particularly
skilled in performing the action, a remaining amount of avail-
able working hours for a technician or the user to perform the
action (e.g., where the technician and/or user is limited on the
total number of working hours, such as in a work day), or the
like.
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The acknowledgement icon that accompanies such an alert
may provide the user with an option to skip the action in the
work scope that is associated with the alert, proceed to
another action, and return to the present action at another
time. Selecting the icon may then cause the work scope as
presented on the user device to proceed to the other action.
For example, the user may choose to perform the action at a
later time, when a needed tool or other equipment is available,
askilled technician is available, the user and/or technician has
more time to perform the action, a replacement part is avail-
able, or the like.

The analysis system and/or user device can refer to the
resources to determine when to present such a productivity
loss alert to the user on the user device. For example, one or
more of the resources may represent a part needed to com-
plete one or more actions of the recommended work scope.
The memory device can maintain an inventory log of parts
used in the repair and/or replacement of various component
subsystems and/or equipment. When a recommended work
scope is identified by the analysis system and/or the user
device based on the identification information (as described
above), the analysis system and/or user device can determine
if performance of the recommended work scope involves the
replacement of one or more parts of the component sub-
system and/or replacement of the component subsystem.

The analysis system and/or user device may then refer to
the inventory log to determine if there are sufficient parts to
perform the recommended work scope. If not, the analysis
system and/or the user device may cause the productivity loss
alert to be displayed to warn the user of the lack of available
parts to complete the recommended work scope.

Inoneaspect, separate inventory logs may be maintained in
the memory device(s) 112 for different locations. For
example, a first inventory log may represent how many parts
are in a first repair shop, a second inventory log may represent
how many parts are in a different, second repair shop that is
remote from the first repair shop (e.g., not in the same location
or connected to the first repair shop), and so on. If the user
device is disposed in or near the first repair shop (which may
be determined by location information obtained by the user
device, such as from a Global Positioning System (GPS)
receiver, triangulation from wireless signals, user input, or the
like), then the user device and/or the analysis system may
refer to the first inventory log to determine if a part needed for
performance of an action in the recommended work scope is
available at the first repair shop. If not, then the user device
and/or analysis system may provide the productivity loss alert
to inform the user that a needed part is not locally available.

The user device and/or analysis system may then present
the user with information about availability of the needed part
in another location using the inventory logs. For example, the
user device and/or analysis system may determine if the part
is available in another location and display a map, list, or other
representation on the user device that notifies the user of
where the part is available, how far the part is from the current
location of the user device, how long it can take to deliver the
partto the current location of the user device, and so on. In this
way, the user can make an informed decision of how to
proceed (e.g., wait for the inventory of parts to be replenished
atthe current location, wait for the needed part to be delivered
from another location, skip the action in the recommended
work scope that involves the part, and so on) in light of the part
being unavailable at the current location. In one aspect, the
user device can allow the user to place an order for the part to
be purchased and/or delivered from another location, such as
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by presenting the acknowledgement icon 1010 that can be
selected to order the part (or by providing other input via the
input device).

In one aspect, a resource 106 can represent a particular tool
or other equipment that is used to perform an action of the
recommended work scope. By way of example, a mechanical
lift or jack may be needed to lift a heavy object (e.g., an
engine), an electric sensor may be needed to monitor output
of'the component subsystem, a machine may be needed to cut
one or more parts of the equipment and/or component sub-
system, a machine may be needed to combine (e.g., weld) one
or more parts of the equipment and/or component subsystem,
or the like.

If the tool or equipment used to perform the action in the
work scope is currently unavailable at the location of the user
device, the productivity loss alert may be displayed to warn
the user of the unavailability of the tool or equipment. The
acknowledgement icon that accompanies such an alert may
provide the user with an option to skip the action in the work
scope that is associated with the alert, proceed to another
action, and return to the present action at another time. Select-
ing the icon may then cause the work scope as presented on
the user device to proceed to the other action. For example,
the user may choose to perform the action at a later time, such
as when the tool or equipment is available.

The analysis system and/or user device can refer to the
resources to determine when to present such a productivity
loss alert to the user on the user device. For example, one or
more of the resources may represent the tool or equipment
that is needed to complete one or more actions of the recom-
mended work scope. The memory device can maintain an
inventory log of the tools and equipment used in the repair
and/or replacement of various component subsystems and/or
equipment. When a recommended work scope is identified by
the analysis system and/or the user device based on the iden-
tification information (as described above), the analysis sys-
tem and/or user device can determine if performance of the
recommended work scope involves the use of one or more
tools or other equipment.

The analysis system and/or user device may then refer to
the inventory log to determine if the needed tool or equipment
is located at or near the location of the user device (and/or the
equipment and/or component subsystem being worked on). If
not, the analysis system and/or the user device may cause the
productivity loss alert to be displayed to warn the user of the
lack of available tools or equipment. In one aspect, the inven-
tory log may maintain a reservation system that tracks when
the tool or equipment will be available in the future and/or
when the tool or equipment is expected to be available.

In one aspect, separate inventory logs may be maintained in
the memory device(s) for different locations, similar to as
described above in connection with the inventory logs of
parts. Ifthe needed tool or equipment is not available, then the
user device and/or analysis system may determine when the
tool or equipment is expected to be available next (e.g., from
the inventory log for the location of the user device). If the
tool or equipment is available in another location, the user
device and/or analysis system may display a map, list, or
other representation on the user device that notifies the user of
where the tool or equipment is available, how far the tool or
equipment is from the current location of the user device, how
long it can take to deliver the tool or equipment to the current
location of the user device, and so on. In this way, the user
may make an informed decision of how to proceed (e.g., wait
for the tool or equipment to be available at the current loca-
tion, wait for the tool or part to be delivered from another
location, skip the action in the recommended work scope that
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involves use of the tool or equipment, and so on) in light of the
part being unavailable at the current location. In one aspect,
the user device can display the acknowledgement icon to
allow the user to reserve the tool or equipment and/or have the
tool or equipment delivered to a desired location. For
example, the tool or equipment may be reserved at a later time
to prevent others from using the tool or equipment and/or may
be scheduled to be delivered to the location of the user device
by selecting the acknowledgement icon (or providing other
input).

Another example of a productivity loss alert may be an
alert that is presented on the display device to notify the user
that a technician that is skilled in performing the action of the
recommended work scope is unavailable to perform the
action. The acknowledgement icon that accompanies such an
alert may provide the user with an option to skip the action in
the work scope that is associated with the alert, proceed to
another action, and return to the present action at another
time, as described above.

The analysis system and/or user device can refer to the
resources to determine when to present such a productivity
loss alert to the user on the user device. For example, one or
more of the resources may represent a skilled technician that
is needed to complete one or more actions of the recom-
mended work scope. The memory device can maintain an
attendance log of technicians available to perform various
tasks to complete the work scope. The attendance log can
represent locations of various technicians, current states of
the technicians (e.g., working on another task, available to
assist on a task, not present at the current location, and the
like), available working hours remaining for the technicians
(e.g., the number of hours left in the current day that the
technicians can work), and the like.

When a recommended work scope is identified, the analy-
sis system and/or user device can determine if performance of
the recommended work scope involves the work of a skilled
technician other than the user of the user device. The analysis
system and/or user device may then refer to the attendance log
to determine if a needed technician is available to perform the
recommended work scope. If not, the analysis system and/or
the user device may cause the productivity loss alert to be
displayed to warn the user of the lack of an available techni-
cian to complete the recommended work scope.

In one aspect, separate attendance logs may be maintained
in the memory device(s) 112 for different locations, similar to
as described above for the inventory logs. These different
attendance logs may be used to determine and notify (e.g.,
using the alert) the user if a technician is unavailable at the
location of the user device. The user device and/or analysis
system may then present the user with information about
availability of another technician that can perform the needed
task in another location. The user device and/or analysis
system may determine if the technician is available in another
location and display a map, list, or other representation on the
user device that notifies the user of where the technician is
available, how far the technician is from the current location
of'the user device, how long it can take to deliver the techni-
cian to the current location of the user device, and so on. In
this way, the user can make an informed decision of how to
proceed (e.g., wait for the technician at the current location to
be available, wait for the technician to arrive from another
location, skip the action in the recommended work scope that
involves the technician, and so on).

Another example of a productivity loss alert may be an
alert that is presented on the display device to notify the user
that a remaining amount of available time for a technician or
the user to perform the action is so limited that the action
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cannot be completed at the current time. For example, some
actions in the recommended work scope may involve a rela-
tively long time to complete. The hours that technicians and/
or the users may work in a day, week, month, year, or other
time span may be limited by contract, regulation, law, or the
like. The available hours that the technicians and/or user can
work may be tracked and saved in working logs stored at the
memory device. The user device and/or analysis system can
examine the recommended work scope and the working logs
to determine if the work scope involves an action that may not
be completed within a designated time period (e.g., within the
same day, shift, eight hour period, or the like, as when the
work scope begins). If the action and/or work scope cannot be
completed within the designated time period due to limita-
tions on the available working hours of the technician and/or
user, then the user device can display the productivity loss
alert to the user. Similar to as described above in connection
with the availability of a skilled technician, the user device
can notify the user if another technician and/or user is avail-
able in another location so that the user of the user device can
schedule the technician or other user to perform the action
(e.g., at the location of the user device or at another location).

Another alert that can be displayed by the user device
includes a financial cost alert. This alert can warn a user when
performance of an action in the recommended work scope
exceeds some designated and/or non-zero threshold cost. For
example, some actions in a recommended work scope may
involve the use of relatively expensive parts, tools (e.g., in
terms of cost of wear and tear on the tools, rental fees, or the
like), fuels, or other materials. The analysis system and/or
user device can examine the recommended work scope to
determine if performance of one or more of the actions would
cost more than a designated threshold cost, such as a user-
established budget. If so, the analysis system and/or user
device can cause the financial cost alert to be displayed to
notify the user. The user may then choose not to perform the
action, to perform or select another work scope, or proceed
with the recommended work scope in light of the relatively
expensive cost of doing so.

In addition or as an alternate to the options provided by the
acknowledgement icon described above, the user device and/
or analysis system may present the icon so that selection of
the icon causes another recommended work scope to be
selected by the user. For example, a first recommended work
scope may be selected based on identification information
received via the user device (as described above). If an alert is
presented to the user, the user may select the alert so that the
first recommended work scope is terminated, and a different,
second recommended work scope is selected and used. In
doing so, the user may avoid alerts being presented during
performance of the second recommended work scope.

Another example of the alert may be an estimated time to
failure alert. This alert may notify the user of a time that the
component subsystem and/or equipment may continue to be
used before failure of'the component subsystem and/or equip-
ment is expected to occur. The component subsystem and/or
equipment may be considered to have failed when perfor-
mance or operations of the subsystem and/or equipment ter-
minate or fall below a designated output threshold. For
example, an engine may fail when less than a designated
amount of threshold horsepower is generated by the engine, a
turbocharger may fail when the pressure differential created
by the turbocharger falls below a threshold, a motor may fail
when the torque created by the motor falls below a threshold,
and so on.

In one aspect, the estimated time to failure for a component
subsystem and/or equipment may be based on empirically
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derived times to failure for other similar subsystems and/or
equipment. For example, the memory device may store the
actual times to failure for other subsystems and/or equipment
that is similar to the subsystem and/or equipment under
examination, where the other subsystems and/or equipment
are the same or similar type of subsystems and/or equipment,
are the same or similar age, have the same or similar outputs,
and the like. These actual times to failure may be used to
estimate the time to failure for the subsystem and/or equip-
ment under examination. Optionally, the estimated time to
failure for the component subsystem and/or equipment may
be determined from a history of previous faults of the same
subsystem and/or same equipment.

During and/or subsequent to performance of a work scope,
the user device can allow the user to provide feedback to the
analysis system via the user device. This feedback may notify
the analysis system and/or one or more resources (e.g., a
person who designs and/or modifies the work scopes) of
problems with the work scope and/or potential ways to
improve the work scope.

As one example, the user feedback may include an ineffi-
ciency notice or efficiency notice. Such a notice is used to
inform the analysis system and/or one or more resources that
one or more actions of the work scope (or the entire work
scope) can be performed more efficiently. For example, the
user may determine that changing the order of the actions in
the work scope, removing one or more of the actions, per-
forming one or more of the actions in a different way, or the
like, can achieve completion of a goal of the work scope (e.g.,
repair or replacement of the component subsystem and/or
equipment) faster than the current actions in the work scope.

Another example of user feedback is a safety notice. This
notice can inform the analysis system and/or one or more
resources that performance of one or more of the actions in
the work scope is unsafe and/or presents a hazard to the user.
For example, the work scope may direct the user to touch a
part of the component subsystem and/or equipment when the
part is too hot to safely touch, is charged with an electric
current, or is otherwise unsafe. The user can provide the
safety notice through the user device to warn of this unsafe
situation.

Another example of user feedback is an inoperability
notice. This notice can inform the analysis system and/or one
or more resources that one or more actions in the work scope
does not result in completion of the work scope. For example,
anaction in the work scope may direct the user to detach a first
part from the component subsystem before a second part is
removed from the subsystem. But, due to the manner in which
these parts are connected to the component subsystem, the
user may not be able to detach the first part until the second
part is removed. As another example, the manner in which the
work scope directs the user to remove or connect parts of the
component subsystem may be incorrect. The user can input
information about such errors in the work scope into the user
device as inoperability notices.

FIG. 11 illustrates another example of auser interface 1100
displayed by the user devices. The user interface may be
displayed to the user so that the user can provide user feed-
back to the analysis system and/or resources using the user
device. As described above, this user feedback can include
inefficiency notices, safety notices, inoperability notices, or
other information. While the user interface states “Safety
Feedback,” another type of feedback can be provided instead
of, or in addition to, a safety notice.

The user interface may include windows for the user to
type a written description of the user feedback. Optionally,
the user may draw on or otherwise annotate an image for the
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user feedback. For example, the user device may include a
camera or may receive an image of the component subsystem,
the equipment, or a portion thereof. The user may then draw
on the image (e.g., using the touchscreen of the user device, a
stylus, an electronic mouse, and the like) to identify the loca-
tions in the image where the user feedback relates. As one
example, in a safety notice, the user may encircle a section on
the image that indicates a sharp, hot, electrically charged, or
otherwise unsafe part of the subsystem and/or equipment.
The user may also type or record a description of the safety
issue using the user device. The safety notice may then be
communicated to the analysis system and/or resources.

FIG. 12 illustrates another example of a user interface 1200
that can be presented to the user on the user device. The user
interface may direct the user to perform an action from a work
scope that examines a component subsystem and/or equip-
ment, such as when a troubleshooting work scope is selected
by the user. Optionally, the user interface may be displayed to
guide the user to perform an action from an outbound checkup
work scope. For example, the action directed by the user
interface may direct the user to check one or more operations,
aspects, appearances, or the like, of the equipment and/or
component subsystem that was examined, maintained, or oth-
erwise repaired prior to releasing the equipment and/or com-
ponent subsystem for use.

The user interface can display an image 1202 (e.g., a still
image and/or a video) and/or text 1204 to query the user on
one or more aspects of the component subsystem and/or
equipment. For example, the image and/or text may request
that the user confirm performance of an action and/or visually
inspect, measure, operate, or otherwise examine the compo-
nent subsystem and/or equipment. The user interface shown
in FIG. 12 includes a response window 1206 that allows the
user to provide user input to respond to the query provided by
the image and/or text. The illustrated response window allows
the user to select a “Yes” or “No” response to the query, but
additionally or alternatively may allow for the user to provide
other responsive input, such as an alpha-numeric text string,
image, sensor data, or the like.

The user input provided by the user can be received by the
user device and used to determine if the recommended work
scope for the component subsystem and/or equipment was
successfully completed. The analysis system may compare
the user input provided via the user device (and/or other
information, such as sensor data representative of operations
of the component subsystem and/or equipment) with desig-
nated responses or data representative of successful comple-
tion of the work scope.

Ifthe user input does not match the designated responses or
data by at least a threshold, non-zero amount, then the analy-
sis system may determine that the work scope was not com-
pleted, or was not successtully completed. For example, if the
user input indicates that a surface of a filter was not cleaned
during the work scope (as opposed to the filter being cleaned),
that an old bag of a filter was reused (instead replacing the
filter bag), that the horsepower generated by an engine is less
than a designated threshold, that the pressure boost of a tur-
bocharger is less than a designated pressure boost, or the like,
then the analysis system may determine that the work scope
was not successfully completed. The analysis system can
direct the user device to inform the user and recommend that
the work scope be repeated, that one or more of the actions in
the previously completed work scope be repeated, that one or
more additional actions be performed, or that another work
scope be performed.

If the user input does match the designated responses or
data by at least a threshold, non-zero amount, then the analy-
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sis system may determine that the work scope was success-
fully completed. For example, if at least a designated percent-
age of the answers provided by the user match or otherwise
correspond to designated answers representative of success-
ful completion of the work scope, then the analysis system
may determine that the work scope 102 was successfully
completed. The analysis system can direct the user device to
inform the user and recommend that the component sub-
system and/or equipment be used when available.

FIGS. 13 through 15 illustrate an example of user inter-
faces 1300, 1400, 1500 shown on the user device during an
example of a recommended work scope. The work scope
described in connection with these user interfaces 1300,
1400, 1500 can be used to measure dimensions of a wheel,
determine if the dimensions need to be changed and/or if the
wheel needs to be replaced, and to locate a replacement
wheel. Not all embodiments of the subject matter described in
connection with FIGS. 13-15 are limited to wheels, however.
The subject matter described herein may be used for the
examination of one or more other component subsystems of
equipment, the determination of whether to alter or replace
the component subsystems, and/or the locating of a replace-
ment component subsystem other than a wheel.

The user device can present a user interface that instructs
the user how to measure or otherwise determine one or more
characteristics of a component (e.g., acomponent subsystem)
of equipment. The user interface shown in FIG. 13 instructs
the user how to measure various dimensions of a wheel 1302
of'arail vehicle. Alternatively, the user interface may instruct
the user to measure, sample, or otherwise determine one or
more other characteristics, such as temperature, speed, elec-
tric current, horsepower, force, friction, or the like. The user
interface identifies dimensions of the wheel that are to be
measured, such as a flange height 1304, a diameter dimension
1306, a flange thickness 1308, a rim dimension 1310, a dis-
tance from a witness groove 1312, a hub dimension 1314, and
the like. These dimensions 1304, 1306, 1308, 1310, 1312,
1314 represent characteristics of the wheel that may be mea-
sured by the user. The user can measure some or all of these
dimensions and input the dimensions into the user device,
such as by selecting a data input icon 1316 and typing in or
otherwise inputting the dimensions. Optionally, the charac-
teristics that are input may be other characteristics, such as a
power output of a motor (e.g., horsepower), current generated
by an engine and generator set, the amount and/or type of
emissions generated by an engine, the exhaust pressure and/
or pressure boost from a turbocharger, fluid pressure and/or
flow in a braking system (e.g., air pressure in an air brake
system), and the like.

FIG. 14 is another example of a user interface 1400 that can
be displayed on the user device. The user interface 1400
visually presents input characteristics 1402 of the component
subsystem (and/or equipment). In the illustrated example, the
user interface displays the wheel dimensions that were input
by the user of the device as the input characteristics. Option-
ally, one or more other characteristics may be input, as
described above.

In one aspect, the user may input the characteristics by
selecting (e.g., touching, “clicking,” or the like) an icon or
image 1404 of the component subsystem (and/or equipment).
The illustrated example shows several images of axle and
wheel sets for a rail vehicle, such as a locomotive. The num-
ber of images may correspond to the number of axle and
wheel sets in the rail vehicle. Optionally, a different number,
icon, and/or image may be used. The user may select one side
(e.g., the left side) of the image for a first component sub-
system (e.g., a first axle wheel set) to input the actual dimen-
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sions of one wheel and select the other side (e.g., the right
side) of the image 1404 for the same first component sub-
system to input the actual dimensions of the other wheel in the
first component subsystem. The user may progress through
the other images to input additional dimensions for the other
axle and wheel sets.

Additionally or alternatively, one or more of the input
characteristics may be automatically uploaded into the user
device. For example, one or more sensors, transponders, or
the like, may automatically communicate the input charac-
teristics (such as speed, temperature, pressure, flow rate,
dimensions, or the like) to the user device. The user device
may populate the user interface with the input characteristics.

The user device can display a comparison icon 1406 that, if
selected by the user, causes the actual characteristics to be
compared to one or more designated characteristics. For
example, once the actual characteristics are input into the user
device, the comparison icon may be selected to cause the
actual dimensions of the wheels to be compared to corre-
sponding designated characteristics of the wheels. The des-
ignated characteristics may represent desired or acceptable
values of the characteristics of the component subsystem
(and/or equipment). With respect to wheels, for example, the
designated characteristics may represent dimensional toler-
ances, or ranges or limits on the sizes of the dimensions of the
wheels.

The analysis system may receive the actual characteristics
from the user device and compare the actual characteristics to
the designated characteristics (e.g., stored in the memory
device). Optionally, the user device and/or one or more of the
resources may compare the actual and designated character-
istics. Differences between the actual and designated charac-
teristics may be identified. If one or more differences between
the actual characteristics (e.g., wheel dimensions) and the
designated characteristics (e.g., wheel dimensions that are
acceptable for safe travel and/or satisfy one or more rules or
regulatory requirements) is relatively large (e.g., exceeds a
threshold), then the analysis system (and/or the user device,
the resources, and so on) may notify the user of these differ-
ences.

FIG. 15 is another example of a user interface 1500 that can
be displayed on the user device. The user interface presents
the comparisons between the actual and designated charac-
teristics of the component subsystem (and/or equipment) that
is under examination by the user of the device. The user
interface also or alternatively can present recommendations
for the component subsystem (and/or equipment).

The comparisons and/or recommendations may be repre-
sented or identified by analysis icons 1502, 1504. These icons
can represent recommended changes to the component sub-
systems (and/or equipment) under examination. Optionally,
the icons represent the differences between the actual and
designated characteristics.

In the illustrated example, the user interface presents the
icons to recommend changing the dimensions of the wheels
and/or to replace the wheels. The analysis system (and/or the
user device and/or one or more resources) may compare the
differences between the actual and designated characteristics
to one or more thresholds, which can be stored in the memory
device. If the differences exceed a first threshold, then the
analysis system (and/or the user device and/or one or more
resources) may determine that a responsive action needs to be
taken, such as by repairing or replacing the component sub-
system. If the differences exceed the first threshold, but not a
larger, second threshold, then the analysis system (and/or the
user device and/or one or more resources) can recommend
repairing the component subsystem. In the illustrated
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example, such a repair may occur by changing the dimensions
of the wheel (e.g., cutting or otherwise removing part of the
wheel) so that the differences between the actual and desig-
nated characteristics no longer exceed the first threshold. If
the differences exceed both the first and second thresholds,
then the analysis system (and/or the user device and/or one or
more resources) can recommend replacing the component
subsystem, such as by replacing one or more wheels in the
axle and wheel set or the entire axle and wheel set.

In the illustrated example, for a first component sub-
systemA (e.g., the first axle and wheel set), the icons recom-
mend replacing both wheels of the subsystemA. The differ-
ences between the actual and designated wheel dimensions
are sufficiently large such that the analysis system (and/or the
user device and/or one or more of the resources) recommends
replacing the component subsystemA.

For second and fourth component subsystemsB, 110D
(e.g., a second and fourth axle and wheel set), no recommen-
dations or differences are presented. For example, the differ-
ences between the actual and designated wheel dimensions of
the second and fourth component subsystemsB are suffi-
ciently small that the analysis system (and/or the user device
and/or one or more of the resources) does not recommend
changing the dimensions or replacing any wheels.

For third, fifth, and sixth component subsystemsC, 110E,
110F (e.g., a third, fifth, and sixth axle and wheel set), the
differences between the actual and designated wheel dimen-
sions are sufficiently large such that the analysis system (and/
or the user device and/or one or more of the resources) rec-
ommends changing the dimensions of one or more wheels,
but not replacing any wheels. For example, the differences
between the actual and designated wheel dimensions of the
component subsystemsC may be sufficiently large that the
dimensions need to be changed, but also are sufficiently small
that the wheels do not need to be replaced. The icons can
provide recommended changes to the component sub-
systemsC, such as by providing recommended changes to the
actual dimensions of the wheels.

Responsive to the analysis system (and/or the user device
and/or the resources) identifying the recommended changes
and the user device presenting these recommended changes to
the user, the user may alter the dimensions of the wheels
accordingly. In one aspect, the user device may present a
recommended work scope having a series of actions that
guide the user through modification of the dimensions of the
wheels, similar to as described above.

Additionally or alternatively, the user device may present
the user with replacement parts or component subsystems for
replacing (instead of repairing) the component subsystems.
For example, instead of modifying the dimensions of the
wheels in the component subsystemsC shown in FIG. 15, the
user device may list or otherwise display replacement wheels
for replacing these wheels (in addition to the replacement
wheels for the component subsystemA).

FIG. 16 illustrates another example of auser interface 1600
that can be displayed on the user device. The user interface
presents the user with options for replacing parts of the com-
ponent subsystems. For example, the user interface lists
replacement parts 1602 (e.g., wheels) that may be used to
replace parts of the component subsystemsA, 110C, 110F.
While the description herein focuses on replacement wheels,
not all embodiments of the inventive subject matter are lim-
ited to wheels. For example, one or more embodiments may
relate to other parts, such as replacement filters, motors,
engines, trucks, rail cars, turbochargers, pumps, or the like.

Inorderto identify the replacement parts 1602, the analysis
system (and/or the user device and/or the resources) may
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examine a list, table, database, or other memory structure
stored in the memory device that includes a set of replacement
parts. This set may include characteristics of the replacement
parts, such as the actual dimensions of wheels. The analysis
system can determine if one or more of these replacement
parts have characteristics (e.g., dimensions) that are within
designated characteristics. For example, the analysis system
can determine if the dimensions of one or more replacement
wheels in a spiker pool are within designated ranges of
dimensions identified as being acceptable for use with a
vehicle, such as a locomotive.

Additionally or alternatively, the analysis system can deter-
mine if the characteristics of the replacement parts more
closely match the measured characteristics of the component
subsystems. With respect to axle and wheel sets, if the analy-
sis system determines that one wheel of the set needs to be
replaced, the analysis system may search for a replacement
wheel that has dimensions that are closer to the wheel that
remains in the set (e.g., that is not being replaced) than one or
more other replacement wheels.

The replacement parts may include inventory stock parts
1604 that are obtained from an inventory stock (e.g., a spiker
pool) of replacement parts. Such an inventory stock repre-
sents a group of parts that is not currently being used and is
available for replacing one or more parts in the component
subsystem and/or equipment. The inventory stock parts in the
inventory stock are not currently being used in operation by
another component subsystem and/or equipment.

Additionally or alternatively, one or more of the replace-
ment parts may be currently used parts 1606. The currently
used parts are being used in operation of one or more other
component subsystems and/or equipment. For example, a
replacement wheel for an axle and wheel set of a first vehicle
may be a wheel that is currently being used by another,
separate vehicle traveling along a route while the first vehicle
is being examined in a repair facility. The analysis system
may maintain a log, list, table, or other memory structure in
the memory device of the parts being currently used by other
component subsystems and/or equipment. The characteris-
tics of these parts may be stored in the memory devices as
well, and may be obtained from previous inspections of the
parts, sensor data provided by the component subsystems
and/or equipment, or the like. Similar to the inventory parts,
the analysis system may examine the characteristics of the
currently used parts to determine if any of the currently used
parts may be used as a replacement part. The analysis system
also may track locations of the currently used parts, such as by
monitoring locations of the vehicles traveling in a network of
routes. The locations may be provided by the vehicles, such as
by using GPS, transponders disposed along the routes, or the
like. The analysis system may provide the current location
and/or distance from the component subsystems and/or
equipment that include the replacement parts to the user
device, so that this information can be provided to the user.
The user may then select one or more of these replacement
parts, such as by selecting the replacement parts that are
available from a local inventory, from another vehicle that is
relatively close by, or the like.

The user can select the replacement parts using the user
device. This selection can be communicated to the analysis
system or another location so that arrangements can be made
to provide the selected replacement parts to the user. For
example, an order for an inventory partto be obtained and sent
to the location of the user may be made by the user device. As
another example, instructions may be communicated to
another vehicle having a replacement part to divert from the
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current path or route being traveled to the location of the user
device (so that the replacement part can be taken from the
other vehicle).

FIG. 17 is a flowchart of an example of a method 1700 for
remotely supporting users to obtain assistance from one or
more remotely located resources to repair, replace, diagnose,
and the like, component subsystems of equipment on which
the users are working. Operations of the method may be
carried out or otherwise performed by the system shown and
described herein. For example, one or more of the operations
in the method may be performed using the user device while
other operations may be performed by the analysis system
and/or the resources. Some operations may be carried out by
a combination of the user device and the analysis system or
resources. In one aspect, the operations described in connec-
tion with the method may represent portions of software code
that directs operations of one or more components of the
system. For example, the flowchart shown in FIG. 17 may be
used to create software code that is stored on a tangible and
non-transitory computer readable storage medium (e.g., a
memory hard drive, flash drive, RAM, ROM, EEPROM, and
the like) and that directs the operations of one or more pro-
cessors to carry out the operations of the method.

At 1702, identification information is input into a mobile
device. For example, information that identifies the compo-
nent subsystem and/or equipment being examined or repaired
and/or a potential problem or fault can be input by a user into
the user device, as described above. At 1704, the identifica-
tion information can be communicated to and received by the
analysis system. As described above, the user device may be
located at or near the component subsystem and/or equipment
while the analysis system is located remote from the user
device (e.g., not in one or more of the same room, building,
town, city, county, or state). Optionally, the identification
information may be communicated to the resources.

At 1706, a set of work scopes are examined to identify a
smaller subset of work scopes that may be used to resolve
(e.g., fix) the problem or fault of the component subsystem
and/or equipment. For example, the memory device may
store many work scopes that are used for a variety of diftferent
problems or faults for a variety of different types of compo-
nent subsystems and/or equipment. Not all of these work
scopes may be useful in examining or repairing the compo-
nent subsystem and/or equipment being worked on by the
user. The identification information provided from the user
device can be compared to identification information associ-
ated with the different work scopes. Those work scopes in the
set having identification information that matches or more
closely matches the input identification information than
other work scopes may be identified as recommended work
scopes. In one aspect, the analysis system may automatically
perform this comparison and selection of the work scopes.
Optionally, one or more of the resources (e.g., experts and/or
technicians) may examine the input identification informa-
tion and recommend one or more work scopes.

At 1708, one or more of the recommended work scopes are
provided to the user via the user device. The work scopes may
be presented on the user device for the user to select which of
the work scopes to use in the examination and/or repair of the
component subsystem and/or equipment. At 1710, a determi-
nation is made as to whether the user selected one or more of
the recommended work scopes. For example, the user device
and/or analysis system can determine whether the user
pressed on, “clicked,” or otherwise provided input that indi-
cates selection of a work scope.

If the user did not select a recommended work scope, then
the user may wish to have another work scope recommended.
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For example, the recommended work scope provided to the
user may require resources (e.g., tools, equipment, techni-
cians, experts, or the like) that are unavailable to the user, may
take too long to complete, may be too expensive to complete,
or the like. The method may obtain additional identification
information in an attempt to identify another recommended
work scope to the user. Optionally, another recommended
work scope may be identified using the same identification
information that previously was input.

If'the user did select a recommended work scope, then flow
of the method 1700 may proceed to 1712. At 1712, the value
of'avariableiis set to one. This variable is an integer number
that represents which instructional representation of an action
of N total actions in a work scope is being performed or
presented to the user. At 1714, the i” recommended action in
the work scope is displayed to the user as an instructional
representation on the user device. As described above, the
actions in the work scope are presented to the user to guide
and assist the user through the examination, repair, or the like,
of'the equipment and/or component subsystem. The user may
perform the action, provide feedback based on the action,
obtain assistance from one or more resources in performing
the action, and the like, as described above.

At1716, a determination is made as to whether the user has
input feedback information about the i action in the work
scope. As described above, the user can input feedback about
safety concerns with the action, inefficiencies in the action or
work scope, inoperability of the action or work scope, and the
like. The user can provide this information to the analysis
system via the user device.

If feedback information has been provided, then this infor-
mation may be recorded and/or used to modify the action
and/or work scope in order to improve the action and/or work
scope. As a result, flow of the method 1700 can proceed to
1718. Otherwise, if no feedback information has been pro-
vided for the current action of the work scope, then flow of the
method 1700 may proceed to 1720.

At 1718, the feedback provided by the user via the user
device is logged (e.g., stored or otherwise saved or recorded).
The feedback can be stored in the memory device 112 and
potentially used to update or alter the work scope. For
example, upon receiving the feedback, one or more of the
resources may alter the action and/or the work scope using the
feedback so that the action and/or work scope is safer, more
efficient, and/or successful in fixing or otherwise resolving
the problem or failure in the component subsystem and/or
equipment.

At 1720, a determination is made as to whether the work
scope includes an alert requiring acknowledgement by the
user in the i action of the work scope. As described above,
the instructional representations in the work scope can
include alerts that may require the user to provide input that
acknowledges the alert before the work scope can proceed to
the next action. If the instructional representation for the i”
action of the work scope includes such an alert, then the
method 1700 may not advance the work scope to another
action until the user provides an acknowledgement of the
alert. Consequently, flow of the method 1700 can proceed to
1722. On the other hand, if no such alert is included in the
instructional representation of the i action, or if an alert is
provided that does not require any such acknowledgement,
the work scope may advance to the next action in the work
scope. As a result, flow of the method 1700 may proceed to
1726.

At 1722, a determination is made as to whether the user
provided the requisite acknowledgement of the alert. For
example, the user device and/or analysis system can examine
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if the user selected (e.g., touched, “clicked” on, or otherwise
activated) an alert icon or other portion of the user interface
presented on the user device. If an acknowledgement of the
alertis received, then the work scope may proceed and flow of
the method 1700 can continue to 1726. If an acknowledge-
ment is not received, then the work scope may be unable to
proceed. Flow of the method 1700 can continue to 1724,
where the method 1700 waits for receipt of acknowledgement
from the user. Once that acknowledgement is received, flow
of the method 1700 can continue to 1726.

At 1726, the value of the variable i is increased by a value
of'one. This increase represents the advancement of the work
scope to another action in the work scope. In one aspect, the
work scope advances to the next action in a series of actions
in the work scope. Optionally, the work scope may proceed to
another action, but not necessarily the next action, in the work
scope.

At 1728, a determination is made as to whether the work
scope has been completed. For example, if the value ofi (after
being increased at 1726) is greater than the total number of
actions in the work scope (e.g., N), then all actions in the work
scope may have been completed. As a result, flow of the
method 1700 can proceed to 1730, where the work scope
terminates. On the other hand, if the value of i is no greater
than the total number of actions in the work scope, then
additional actions in the work scope may need to be per-
formed before the work scope is completed. As a result, flow
of'the method 1700 may return to 1714, where another action
in the work scope is performed.

In one embodiment, a method (e.g., for remotely support-
ing users to obtain assistance from one or more remotely
located resources to repair, replace, diagnose, and the like,
component subsystems of equipment on which the users are
working) includes receiving identification information of a
potential problem with a remotely located component sub-
system of subject equipment from a user located proximate to
the subject equipment via a mobile device and responding to
receiving the identification information by providing a rec-
ommended work scope to the user via the mobile device. The
recommended work scope includes a recommended series of
actions to perform to at least one of repair or replace the
component subsystem and a first instructional representation
for display on the mobile device. The first instructional rep-
resentation both illustrating at least one action of the series of
actions to perform and including at least one annotation to
represent an alert to the user that is related to the action being
illustrated.

The method also can include responding to receiving the
identification information by sending a recommended work
scope to the user via the mobile device. The first instructional
representation also can include a series of images, videos, or
a combination of images and videos that are configured to be
displayed on the mobile device to guide the user through the
recommended work scope. The first instructional representa-
tion configured to display one or more of the images, videos,
or the combination of images and videos that represent one or
more of the actions in the recommended series of actions that
correspond to one or more actions actually being performed
by the user while the user is performing the one or more
actions. One or more operations of this method can be per-
formed by one or more computer processors. For example,
hardware circuits or circuitry that includes and/or is con-
nected with one or more microprocessors can perform one or
more operations of this method.

In one aspect, the identification information includes at
least one of an identification of the user, an identification of a
potential problem selection by the user, an identification of
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the subject equipment being examined by the user, or an
identification of the component subsystem of a vehicle sys-
tem that performs one or more operations of the subject
equipment.

In one aspect, the method also includes presenting a dif-
ferent, second instructional representation on the mobile
device in response to a user acknowledgement of the alert,
and selecting the recommended work scope from plural
potential work scopes.

In one aspect, the first and second instructional represen-
tations are sequentially displayed and represent a sequence of
the series of actions to perform from the recommended work
scope. The second instructional representation can be subse-
quent to the first instructional representation and is only dis-
played responsive to the user acknowledgement of the alert
being received.

In one aspect, the method also can include presenting a
menu of plural work scopes that most nearly match the iden-
tification information based on a determined set of similari-
ties of the potential problem. The plural work scopes can
include the recommended work scope.

In one aspect, the at least one annotation includes an image
or video of at least one of the subject equipment or the com-
ponent subsystem obtained by the user and information of a
hazard condition associated with the at least one action.

In one aspect, the method also includes changing a dis-
played color of a display of one or more parts of the compo-
nent subsystem that are displayed on the mobile device and
associated with the hazard condition responsive to receiving
the user acknowledgement of the alert.

In one aspect, the method also can include presenting one
or more alert icons or sounds during performance of the
recommended work scope that indicate a hazard class asso-
ciated with the corresponding instructional representation
that is displayed on the mobile device.

In one aspect, the method also can include displaying a first
viewpoint of an image of at least a portion of the component
subsystem on the mobile device in at least one of the instruc-
tional representations and, responsive to user control of the
mobile device, displaying a different, second viewpoint of the
image on the mobile device.

In one aspect, the method also can include displaying plu-
ral images of different viewpoints of at least a portion of the
component subsystem on the mobile device and allowing a
user to select among the viewpoints for display on the mobile
device.

In another embodiment, a system (e.g., a services support
system) includes an analysis system configured to receive
identification information of a potential problem with a
remotely located component subsystem of subject equipment
from a user located proximate to the subject equipment via a
mobile device. The analysis system also is configured to
respond to receipt of the identification information by pro-
viding a recommended work scope to the user via the mobile
device. The recommended work scope includes a recom-
mended series of actions to perform to at least one of repair or
replace the component subsystem and a first instructional
representation for display on the mobile device. The first
instructional representation both illustrates at least one action
of the series of actions to perform and includes at least one
annotation to represent an alert to the user thatis related to the
action being illustrated.

The analysis system also is configured to respond to receiv-
ing the identification information by sending a recommended
work scope to the user via the mobile device. The first instruc-
tional representation including a series of images, videos, or
a combination of images and videos that are configured to be
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displayed on the mobile device to guide the user through the
recommended work scope. The first instructional representa-
tion configured to display one or more of the images, videos,
or the combination of images and videos that represent one or
more of the actions in the recommended series of actions that
correspond to one or more actions actually being performed
by the user while the user is performing the one or more
actions.

In one aspect, the identification information includes at
least one of an identification of the user, an identification of a
potential problem selection by the user, an identification of
the subject equipment being examined by the user, or an
identification of the component subsystem of a vehicle sys-
tem that performs one or more operations of the subject
equipment.

Inoneaspect, the analysis system is configured to direct the
mobile device to present a different, second instructional
representation in response to a user acknowledgement of the
alert, and to receive a selection of the recommended work
scope from among plural potential work scopes via the
mobile device.

Inoneaspect, the analysis system is configured to direct the
mobile device to sequentially display the first and second
instructional representations in order to represent a sequence
of the series of actions to perform from the recommended
work scope, and wherein the analysis system is configured to
direct the mobile device to display the second instructional
representation subsequent to the first instructional represen-
tation and only in response to the user acknowledgement of
the alert being received from the mobile device.

Inoneaspect, the analysis system is configured to direct the
mobile device to present a menu of plural work scopes that
most nearly match the identification information based on a
determined set of similarities of the potential problem. The
plural work scopes can include the recommended work
scope.

In one aspect, the at least one annotation includes an image
or video of at least one of the subject equipment or the com-
ponent subsystem obtained by the user and information of a
hazard condition associated with the at least one action.

In another embodiment, a method (e.g., for remotely sup-
porting users) includes determining a difference between a
designated characteristic ofa first component of a first vehicle
system and one or more actual characteristics of the first
component, identifying at least one of a replacement compo-
nent in an inventory stock of components or a currently used
component in a second vehicle system responsive to the dif-
ference between the designated characteristic and the one or
more actual characteristics being outside of a designated
range of differences so that the first component of the first
vehicle system can be replaced with the replacement compo-
nent or the currently used component of the second vehicle
system, and displaying a notification on a display device of
the at least one of the replacement component or the currently
used component so that a user of the display device can
determine whether to replace the first component with the
replacement component or the currently used component.

In one aspect, the first component is a first wheel of the first
vehicle system, the currently used component is a second
wheel being currently used by the second vehicle system, and
the replacement component is a replacement wheel in the
inventory stock. The components of the inventory stock can
include plural wheels. The method also can include receiving
one or more actual dimensions of the first wheel as the one or
more actual characteristics. The at least one of the replace-
ment component or the currently used component can be
identified responsive to a difference between the one or more
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actual dimensions of the first wheel and one or more desig-
nated dimensions of the first wheel associated with the first
vehicle system being outside of the designated range.

In one aspect, the replacement component that is identified
has one or more actual characteristics such that a difference
between the one or more actual characteristics of the replace-
ment component and the designated characteristic are within
the designated range of differences.

In one aspect, the currently used component that is identi-
fied is identified only when the second vehicle system is
within a designated distance from the first vehicle system and
the currently used component has one or more actual charac-
teristics such that a difference between the one or more actual
characteristics of the replacement component and the desig-
nated characteristic are within the designated range of differ-
ences.

It is to be understood that the above description is intended
to be illustrative, and not restrictive. For example, the above-
described embodiments (and/or aspects thereof) may be used
in combination with each other. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the inventive subject matter without
departing from its scope. While the dimensions and types of
materials described herein are intended to define the param-
eters of the inventive subject matter, they are by no means
limiting and are exemplary embodiments. Many other
embodiments will be apparent to one of ordinary skill in the
art upon reviewing the above description. The scope of the
inventive subject matter should, therefore, be determined
with reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, in the following
claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical
requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function for-
mat and are not intended to be interpreted based on 35 U.S.C.
§112(f), unless and until such claim limitations expressly use
the phrase “means for” followed by a statement of function
void of further structure.

This written description uses examples to disclose several
embodiments of the inventive subject matter and also to
enable a person of ordinary skill in the art to practice the
embodiments of the inventive subject matter, including mak-
ing and using any devices or systems and performing any
incorporated methods. The patentable scope of the inventive
subject matter is defined by the claims, and may include other
examples that occur to those of ordinary skill in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ from
the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

The foregoing description of certain embodiments of the
inventive subject matter will be better understood when read
in conjunction with the appended drawings. To the extent that
the figures illustrate diagrams of the functional blocks of
various embodiments, the functional blocks are not necessar-
ily indicative of the division between hardware circuitry.
Thus, for example, one or more of the functional blocks (for
example, processors or memories) may be implemented in a
single piece of hardware (for example, a general purpose
signal processor, microcontroller, random access memory,
hard disk, and the like). Similarly, the programs may be
stand-alone programs, may be incorporated as subroutines in
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an operating system, may be functions in an installed soft-
ware package, and the like. The various embodiments are not
limited to the arrangements and instrumentality shown in the
drawings.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps, unless
such exclusion is explicitly stated. Furthermore, references to
“one embodiment” of the inventive subject matter are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
ments “comprising,” “including,” or “having” an element or a
plurality of elements having a particular property may

include additional such elements not having that property.

What is claimed is:

1. A method, comprising:

receiving identification information of a potential problem

with a remotely located component subsystem of subject
equipment from a user located proximate to the subject
equipment via a mobile device;

responding to receiving the identification information by

providing a recommended work scope to the user via the
mobile device, the recommended work scope including
a recommended series of actions to perform to at least
one of repair or replace the component subsystem and a
first instructional representation for display on the
mobile device, the first instructional representation both
illustrating at least one action of the series of actions to
perform and including at least one annotation to repre-
sent an alert to the user that is related to the action being
illustrated, wherein the at least one annotation includes
an image or video of at least one of the subject equip-
ment or the component subsystem obtained by the user
and information of a hazard condition associated with
the at least one action;

responding to receiving the identification information by

sending a recommended work scope to the user via the
mobile device, the first instructional representation
including a series of images, videos, or a combination of
images and videos that are configured to be displayed on
the mobile device to guide the user through the recom-
mended work scope, the first instructional representa-
tion configured to display one or more of the images,
videos, or the combination of images and videos that
represent one or more of the actions in the recommended
series of actions that correspond to one or more actions
actually being performed by the user while the user is
performing the one or more actions; and

changing a displayed color ofa display of one or more parts

of the component subsystem that are displayed on the
mobile device and associated with the hazard condition
responsive to receiving a user acknowledgement of the
alert.

2. The method of claim 1, wherein the identification infor-
mation includes at least one of an identification of the user, an
identification of a potential problem selection by the user, an
identification of the subject equipment being examined by the
user, or an identification of the component subsystem of a
vehicle system that performs one or more operations of the
subject equipment.

3. The method of claim 1, further comprising presenting a
different, second instructional representation on the mobile
device in response to the user acknowledgement of the alert,
and selecting the recommended work scope from plural
potential work scopes.
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4. The method of claim 3, wherein the first and second
instructional representations are sequentially displayed and
represent a sequence of the series of actions to perform from
the recommended work scope, and wherein the second
instructional representation is subsequent to the first instruc-
tional representation and is only displayed responsive to the
user acknowledgement of the alert being received.

5. The method of claim 1, further comprising presenting a
menu of plural work scopes that most nearly match the iden-
tification information based on a determined set of similari-
ties of the potential problem, the plural work scopes including
the recommended work scope.

6. The method of claim 1, further comprising presenting
one or more alert icons or sounds during performance of the
recommended work scope that indicate a hazard class asso-
ciated with the corresponding instructional representation
that is displayed on the mobile device.

7. The method of claim 1, further comprising displaying a
first viewpoint of an image of at least a portion of the com-
ponent subsystem on the mobile device in at least one of the
instructional representations and, responsive to user control
of'the mobile device, displaying a different, second viewpoint
of the image on the mobile device.

8. The method of claim 1, further comprising displaying
plural images of different viewpoints of at least a portion of
the component subsystem on the mobile device and allowing
a user to select among the viewpoints for display on the
mobile device.

9. A services support system comprising:

an analysis system configured to receive identification

information of a potential problem with a remotely
located component subsystem of subject equipment
from a user located proximate to the subject equipment
via a mobile device, the analysis system also configured
to respond to receipt of the identification information by
providing a recommended work scope to the user via the
mobile device, the recommended work scope including
a recommended series of actions to perform to at least
one of repair or replace the component subsystem and a
first instructional representation for display on the
mobile device,

wherein the analysis system also is configured to respond

to receiving the identification information by sending a
recommended work scope to the user via the mobile
device, the first instructional representation both illus-
trating at least one action of the series of actions to
perform and including at least one annotation to repre-
sent an alert to the user that is related to the action being
illustrated, the first instructional representation includ-
ing a series of images, videos, or a combination of
images and videos that are configured to be displayed on
the mobile device to guide the user through the recom-
mended work scope, the first instructional representa-
tion configured to display one or more of the images,
videos, or the combination of images and videos that
represent one or more of the actions in the recommended
series of actions that correspond to one or more actions
actually being performed by the user while the user is
performing the one or more actions, wherein the at least
one annotation includes an image or video of at least one
of the subject equipment or the component subsystem
obtained by the user and information of a hazard condi-
tion associated with the at least one action, and wherein
the analysis system is configured to direct the mobile
device to change a displayed color of a display of one or
more parts of the component subsystem that are dis-
played on the mobile device and associated with the
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hazard condition responsive to receiving a user
acknowledgement of the alert.
10. The services support system of claim 9, wherein the
identification information includes at least one of an identi-
fication of the user, an identification of a potential problem
selection by the user, an identification of the subject equip-
ment being examined by the user, or an identification of the
component subsystem of a vehicle system that performs one
or more operations of the subject equipment.
11. The services support system of claim 9, wherein the
analysis system is configured to direct the mobile device to
present a different, second instructional representation in
response to the user acknowledgement of the alert, and to
receive a selection of the recommended work scope from
among plural potential work scopes via the mobile device.
12. The services support system of claim 11, wherein the
analysis system is configured to direct the mobile device to
sequentially display the first and second instructional repre-
sentations in order to represent a sequence of the series of
actions to perform from the recommended work scope, and
wherein the analysis system is configured to direct the mobile
device to display the second instructional representation sub-
sequent to the first instructional representation and only in
response to the user acknowledgement of the alert being
received from the mobile device.
13. The services support system of claim 9, wherein the
analysis system is configured to direct the mobile device to
present a menu of plural work scopes that most nearly match
the identification information based on a determined set of
similarities of the potential problem, the plural work scopes
including the recommended work scope.
14. The services support system of claim 9, wherein the at
least one annotation includes an image or video of at least one
of the subject equipment or the component subsystem
obtained by the user and information of a hazard condition
associated with the at least one action.
15. A method, comprising:
determining a difference between a designated character-
istic of a first component of a first vehicle system and one
or more actual characteristics of the first component;

identifying at least one of a replacement component in an
inventory stock of components or a currently used com-
ponent in a second vehicle system responsive to the
difference between the designated characteristic and the
one or more actual characteristics being outside of a
designated range of differences so that the first compo-
nent of the first vehicle system can be replaced with the
replacement component or the currently used compo-
nent of the second vehicle system, wherein the currently
used component that is identified is identified only when
the second vehicle system is within a designated dis-
tance from the first vehicle system and the currently used
component has one or more actual characteristics such
that a difference between the one or more actual charac-
teristics of the replacement component and the desig-
nated characteristic are within the designated range of
differences; and

displaying a notification on a display device of the at least

one of the replacement component or the currently used
component so that a user of the display device can deter-
mine whether to replace the first component with the
replacement component or the currently used compo-
nent.

16. The method of claim 15, wherein the first component is
a first wheel of the first vehicle system, the currently used
component is a second wheel being currently used by the
second vehicle system, and the replacement component is a
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replacement wheel in the inventory stock, the components of
the inventory stock comprising plural wheels, and further
comprising receiving one or more actual dimensions of the
first wheel as the one or more actual characteristics, wherein
the at least one of the replacement component or the currently
used component is identified responsive to a difference
between the one or more actual dimensions of the first wheel
and one or more designated dimensions of the first wheel
associated with the first vehicle system being outside of the
designated range.

17. The method of claim 15, wherein the replacement
component that is identified has one or more actual charac-
teristics such that a difference between the one or more actual
characteristics of the replacement component and the desig-
nated characteristic are within the designated range of differ-
ences.
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